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In twenty lessons you have cov¬ 
ered most of the basic underlying 
principles on which all of radio, 
television, frequency modulation, 
radar and much of the broad field 
of electronics are based. These 
basic principles are siipply expand¬ 
ed and applied in different way& 
to accomplish all of the known ap¬ 
plications in use today. Of course,, 
there are many more details to be 
covered in the remaining lessons 
of your SAR course, but they will 
all be based on the preceding twen¬ 
ty lessons. So do not hesitate to 
refer to them whenever you feel the 
need of a review on basic prin¬ 
ciples. 

The purpose of this lesson is to 
correlate these basic principles and 
show how they may all be brought 
together and made to perform the 
marvelous function of reproducing 
a signal thousands of miles from 
where it originates. Various cir¬ 
cuits may be employed for this 
purpose. The tuned radio frequen¬ 
cy type of circuit has been chosen 
because it is simple and embodies 
most of the principles which you 
have studied in previous lessons. 
The name tuned radio frequency 
(TRF) comes from the fact that 
this type of circuit employs several 
stages of tuned radio frequency 
amplification before the signal is 
applied to the detector tube. Sev¬ 
eral such tuned stages are neces¬ 
sary to give the receiver the ability 




to setect one si^%l out of afl &tfijrs 
and reproduce itTp tfggBa ffl of 
sound waves. Such ar_eeeiVervwi.il 
give a fair and pa.ssaow^giegjcee •w*-~ 
selectivity but not enougnTbr mod- 
broadcast coniJitiafci >The 
superheterodyne type of circuit is 
the accepted standard tftday and 
wifFgfve a high degree of^lectiv- 
HowevejfcJt employs many of 
Che TRF principles, an<J it'il much 
easier to understand the superhet¬ 
erodyne type of circuit if you first 
have a good understanding of the 
TRF circuit. So this lessoiirWlfi*- 
describe th^ basic TRF principle. 

If yotrfOllow the discussion care¬ 
fully you will be well repaid for 
your efforts you come to the 

study of the superheterodyne tyjK? 
of circuit. - - '^4:. 

In receivingu^f- 

cuit six element^ are ^necessary. 
These are (IX afi energy collector 
or antenna^ (2) selective amplifica 
tion of the R.F. carrier provided by 
the R.F. amplifier,. (3T a~ detector 
to remove the R.F. carrieiyK^) an 
audio frequency amplifier to build ^ 
up the signal energy to operate a 
speaker, (5} ** speaker 40 repro^^ 
duce the sound and (6) a power 
supply to operate the various tubes 
of the system. All of these ele¬ 
ments are included in the bafic 
circuit shown in Fig. 1 in. this les¬ 
son, and these are illustrated by 
use of a six color circuit. V v ^ 
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cofigs of tbe transformers, the tube 
socketsftfend the letter and number 
designations of the various parts. 
The reason fob this separation of 
the various parts will be made clear 
as progress is made with the les¬ 
son. 


e'-us ejkf' varmus-parts as*% result o#*the A.C. 
s iu it.- Jtenfse* o+' iristmcfion- forna-^S-thfe signal, voltages. Black 
J io. So par as we„krto^^f>9 Indicates the receLvep-metal chassis 
^bl^r^Bph^b,thfe*tt#juble (ground), the antenna coil L,, the 
iC%. expense;. coil L x3 of T 2 , the voice 
ihst-ruction ftgj-fits $ftfdea*L. TJfb coftL^of thp speaker,, the iron 
full and complete crrcnk" is shpwp 
*■ -in Fig.*. 1 of tbwiBBSEfff which you 
**■ wijl find in "the-center of the book, 

11 beipg necessary’ to place it' there 
4b4eause of ihe ne§d for. employing 
-twa/ufi pages for its reproduction, 
k This" circuilganerits yoyr careful 
stuij^ because*it tells much about a 
radio receiver in a small space. You 
J wilWiote it consists of 7 tubep. The 

4 first two tubes,-Vj and V 2 , reading 
. f from left to right a>7 R.F. ampli- 
•* I fiers of the^SK7 type. Tube.V.-, is 
* the detector employing a 6C5 tube. 

- ‘ Tube V 4 is an A.F. amplifier also 
of the 6C5 type. Tubes V 5 and V« 
iTSFe of the 6F6 type and together 
form £ push-pull stage: Tube V T 
is dfull wave recti tier of tfuTIWT-G 
* , type empimping a heater-cathode 
* circuit. Note in this case the heat- 
er of the rectifier'is connected to 
the cathode within the tube. 


rj&y- Co l ore d wiring and symbols are 
used to aid in tho, study of the sep¬ 
arate circuits and to show how 
these are related to other circuit 
parts. Green indicates all 60 cycle 
> lairing. Blue* indicates what is 
commonly known as negative volt- 
^ age circuits although this is not 
strictly true as will be pointed out 
later,- .-Red indicates all positive 
Voltage circuits and again this is 
not strict 4rCH5 as will be explain¬ 
ed later. Yellow is used to indicate 
the grid return circuits to which is 
Implied the negative or grid bias 
‘ voltages. Brown is used to indi¬ 
um pate the electromagnetic and elec- 
l$|&rostatic lines of force about the 
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THE GREEN CIRCUIT 

t 

A Since a multiple tube receiver 
mtist have a power supply the log¬ 
ical place to begin the study of the 
circuit of Fig. 1 is with the raw AC 
‘ just as it is obtained from the pow¬ 
er line. The power transformer 
T 8 , in Fig. 1, has a plug attached 
to its primary ends. This plug 
may be inserted into any 60 cycle 
power outlet such as is found in 
the usual home. In this way all 
operating voltages for the entire re¬ 
ceiver are obtained. The leads of 
the primary include a switch and 
a fuse. The switch is operated by 
the control knob of the volume con¬ 
trol R*. Thus, this control oper¬ 
ates both switch and volume 
and this, incidentally, is more 
or less standard practice in the 
modern receiver of today. The 
fuse is included for the purpose of 
protecting the receiver from over¬ 
loads and breakdowns of various 
receiver parts—it being much 
cheaper to replace a fuse than other 
more expensive parts in the receiv¬ 
er. For instance, condenser Ci 5 
may breakdown. This will form a 
short circuit across the output of 
the rectifier tube and may so over¬ 
load it that the power transformer 



In the modern radio circuit, large capacity but small size electrolytic condensers are used for filtering 
the power unit circuit. The above view’ shows three such condensers which might yrtBL fee used for JC^ 
C and C of Fig. 1 . These are the nut and screw mounting type. Courtesy of 


is, in turn, overloaded, and it may^ 
burn out due to this overload. 
When a fuse is included, however, 
the first heavy surge of current in 
the primary due to the overload 
will burn out the fuse and thus the 
primary of the transformer is in¬ 
terrupted or opened. Current to 
the set is thus stopped, and it 
ceases to operate. This action, 
therefore, prevents a possible re¬ 
placement of the rectifier tube and 
power transformer. More details 
along this line are included in your 
Master Service Course lessons. 


To continue with the green cir¬ 
cuit action, the primary, iron core 
ahd secondaries are in such mag¬ 
netic relation (as explained in a 
previous lesson) that proper volt¬ 
ages are induced in the secondaries. 

There are three secondaries —a 
high voltage secondary , a 5 volt 
rectifier filament secondary and a 
low voltage secondary of 6.3 volts 
for the filaments of the remaining 
six tubes. The high voltage sec¬ 
ondary and the 6.3 volt secondary 
consists of two windings which es¬ 
sentially means a single ivinding 
tvith the proper electrical center- 
tap . Thus, Si and S 2 form the high 


voltage winding, while ^S| £hdS 4 
fc^n^the 6.3 volt winding- Tne 
low voltage ^ndffig is required to 
provide heater current for 6 tubas 
at 6.3 volts. Tubes Vi,*V 2 , V s and 
V 4 require .3 ampere and V 5 aa^V 6 
require .7 ampere. This is a total 
Of 2.6 amperes as the mifflh®uiW 
wh^Ji the 6.3 volt secondary <|nust 
supplpr' ' 1 

The high voltage secondary con¬ 
nects ffTthe two plates of the 5V4-G 
rectifie£j;ube* For maximum con¬ 
ditions tjjp winding must supply 
300 volts R.M.S. of A.C. 


of the centertap. ^ This* makes a 


total of 600 volts' A.C. from plate 
to plate, ffis is the rating by the 
manufacturer tot the type of rec¬ 
tifier tube being usedr Actually# 
as is the case in many receivers, 
the maximum rated amount of cur¬ 
rent is not always *drawn by the 
rectifier tube iShless tfie^load de-^ 
mands it. The rectifier filament 
winding in Fifl 1 ! fhoul#Jbe rated 
at 5 volts and 2 amperes. Note it 
is a separate circuit from the other 
filament circuits. This, is. neces¬ 
sary because the filament and cath¬ 
ode are common or connected to¬ 
gether within the tube. Since the 
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The abo\e view shows a half-shell type of power 
transformer such as T3 of Fig. 1. It is mounted 
from the top side of the chassis with the ter¬ 
minals extending through a hole in the chassis 
for convenient wiring underneath. 




zero potential all of the time, no 
hum can result from me tilameSts 
of the various tubes accumulating 
transient charges because they can 
all discharge to ground through tOT— 
centertap connection. 

The use of color brings out the 
details of all the circuits in'ft radio 
schematic diagram. Study Fig. 1 
carefully and note the green cir- ; 
cuit is only a small portion of the ■ 
entire circuit wiring. While this* « 
is true note also that the green or 
A.C. circuit is the basis for the en- | 
tire operation of the receiver, and, ] 
if a defect occurs in it, the entire. ‘ 
receiver will cease to operate. 


This vie* shows a trs 

wire wyjdings^ fully 
The wire leads of the wi«4i*# 
back side of the terminals .* l m 
connections are soldered to tfce 


rmina%- 


THE RED CIRCUIT 

The red circuit in Fig. 1 deserves 
careful study because it shows dis¬ 
tribution of all positive D.C. volt¬ 
ages from the rectifier cathode up 
to the various tube elements and 
through the bleeder resistor R 3 to 
ground. The cathode circuits are 
also a part of the D.C. voltage cir¬ 
cuit, but they are considered neg¬ 
ative with respect to the plates and 
screen grids and are, therefore, in¬ 
dicated in another color (blue) and 
will be taken up later. 

At this time you are probably 
wondering about the direction of 
current flow. Is it from negative 
to positive or from positive to neg¬ 
ative? Both conceptions are in 
vogue in the electrical and radio 
industry, and there is a basis for 
argument on both sides of the ques¬ 
tion. There can be no real basis 
for argument, however, if there is 
a distinction made between elec¬ 
tron flow and current flow. It has 
been definitely established that 
electrons drift from an atom with 
excess electrons to one which is 


ever, who contend that the flow of 
current* and the flow of election^ 
are two ^different things entirely* 
and it is here that there begfn*-to 
be room for argument. „ ^ ^ 

Iii the early days-of electricity, 
current was assumed to flow from 
positive to negative or from a high 
to a low level, Just as water will. 
Thus, much of our radio and elec¬ 
trical literature follows this con-:, 
ceptiorp^mi ofthiswas before the 
days of the electron tube. Later 
investigations show that electron 
flow is from negative to positive 
and that theory is used throughout 
the SAR course. . We, therefore, 
make no distinction between cur¬ 
rent flow and electron flow and 
simply refer sto^t as current flow* 
and its direction oi movement as 
being from fiegative to positive. 
Actually it is unimportant whether 
you consider the direction of cur¬ 
rent movement as being from neg¬ 
ative to positive or from positive 
to negative as long as -you maintain 
the same consideration for tfie so¬ 
lution of a given circuit. 
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t, Trove rectifier tube factor will anyo¬ 
ne reg-- matically taxe care of jtself as^eak 
hg es- pulses rise to high values. VSo^fbr 
■tue of practical design purposes a maxi- 
^C. to ^um plate current value of 127.4 
in ma. is diffident'assumption for this 

osifive 'receiver. 

, ’v - ... • ~ 

ito be- The manufaturer’s eharacteris- 
' ^ 0In tic curve for the 5V4-G tube shows 

'UTeir a curren ^ drain of 127.4 

-ctitler ma * ^approximately) the D.C. out- 
G ^ 0r an 8 mfd. in- 

put condenser for the filter should 

halves be ^.C. volts 300 A.C. in- 
, tiri r put volts per plate. Thus, from the 

cumu- ^thode.oT the 5V4-G tube to the 
and cen tertap of the high voltage sec- 
red at on 4 ar y 330 D.C. volts exist. The 
e regt remaining problem is to get this 
e load volta ^ e Properly distributed so as 
to operate the various tube circuits. 
A beginning can be made by start- 
mand ing at the centertap of the high 
tperes voltage secondary or at the cathode 
tube of the 5V4-G tube. The reason for 
irreni this is the entire circuit of the re- 
* total ceiver is a series load on the recti- 
4) fier tube, and it does not make any 
a) ■- difference where calculation is 
6 SK 4 started on a series circuit as loner 


Often times exact replacement condensers can¬ 
not be obtained for a manufactured receiver. In 
this case, it becomes the serviceman’s problem to 
arrange suitable replacement condensers. The 
above view shows how several condensers may be 
strapped together to replace a block unit having 
one or more defective condensers. Courtesy of 
Sprague. 





to distribute E and I te fit the^,e- 
quifements of the circuit. * m 

Suppose* a'start -is made at’the 
cathode of'the 5¥4-G tubtVTra?* 
ing along this red circuit from the 
cathode, you wilfttgte'$ie first re¬ 
sistor element from a.DjC. view¬ 
point is the choke coil L 15 . All cur¬ 
rent for the receiver must pass 
through this choke coil. A prac¬ 
tical value for it is 15 henries and, 
375 ohms. The voltage drop across 
it is equal to .1274x375=47.7 or 
approximately 47 volts. Thus, the 
D.C. voltage at its negative end is 
330—47 or 283 volts. This is ap¬ 
plied to the centertap of output 
transformer T 2 . Operating values 
for the 6F6 call for 250 volts for 
the plate and a negative bias of 
16.5 volts, making a total of 250+ 
16.5=266.5 volts. This is for med¬ 
ium operation and does not work 
the tubes to their maximum limit. 
Thus each half of the output trans¬ 
former primary winding should 
have enough resistance to drop the 
voltage 283—266.5 or 16.5 volts. In 
each plate circuit there will flow 
34 ma. Thus the resistance of 
windings L n and L 12 should equal 

or 1720 ohms. 

Actually a push-pull output 
transformer will have unequal 
halves in the primary winding 
from a D.C. viewpoint if the tap 
is made exactly at the center of the 
wire length. This is because some 
of the layers of wire are wound 
over other layers with their insul¬ 
ation and, therefore, more turns 
of wire will be on one half wind¬ 
ing than the other. Rather than 
place the centertap at the D.C. mid¬ 
point of the winding, it is placed 


’fit^djusting the tuned circuits % TULF <«r Sup¬ 
erheterodyne type receiver, * 

source such as a signal generator ©F tew oscillat¬ 
or is needed. The ahorjL view s "•'<'* s a jHickdk 
signal generator, for usc'ttt adj>>- tuned cir¬ 
cuits. Your Service course lessons rive 
tails on how to use this and other sisailar instru¬ 
ments. 5- 'v 


at the A*C. impedance midpoint 
that each tube will have the p^per 
A.C. load.^ Thus, in a well d^i^aed 
transformer, the primary half 
windings will have unequal DC 
resistance. *. 

Calculations show that each half ^ 
winding of th^ primary should 
have a D.C. resistance of 17^0 
ohms. ^This would require 
much winding to fonji the ^ 

proper A.Offoad for the* GFfTTtftSI#!* 1 ^ 
Transformer manufacturer speci¬ 
fications fojyan output transform¬ 
er for a pair of 6F8 tuBes in push- 
pull call for one-half winding at 
520 ohms and the other half at 
490 ohms. This is a difference of 
30 ohms. To simplify calculations, 
this difference of 30 ohms m^ be 
divided by 2 to give 15, and if this 
is added to subtracted 

from 520 an average valiie of 505 
ohms is arrived at, and, for furth¬ 
er simplification, a 500 bhm value 
would be entirely practical well x 
within the tolerance limit of plu£ 
or minus 10%. Thus, if 500 ohms* 
is accepted, there will be an ap- 
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proximately 700 ohms. From this 
should be clear that the output 
of the entire filter is approximately 


All radio signals mast begin at an original source. 
The above view shows a Turner microphone which 
is one instrument by which original AF signals 
are produced. Most radio stations and large pub¬ 
lic address systems employ a “mike” similar to 
this one. 


250j000x .0002 of 50 vote^j^ossi Beststoj R ^eaii^eSHite screen. 
the^tFC it is 80 x. 0002 o& .0T6 ^^Ucllvqltage andis - the %, 

volts,"across R' s 4fc is 85,000x-,-0002 :> cesistpi . *^T Ja£ 

or 17 volts. These various. voL ^ge ^ tKfaps&'itis. 15 tna. and the volt- 
drops for the detector circuit totaT' age across 0 is-100 volta»»*»There- 


drops for the detector circuit 


69.016 or approximately 69 volts, 
leaving 250—69 or.181 voits .from 
plate to cathode to Operate the 
tube. 

The remaining two 6SK7 tubes 
are exactly alike, and what is true 
for one is true for the other. These 
tubes have -a low D.C. resistance 
winding in their plate circuits stf 
almost the full D.C. voltage from 


age it is -100 volta***>There- 


* - TV* ^ ^100 

j^e, equal to . 

or 6,666 o: n - The power rating 
for R 3 as well £C#^11 other resist¬ 
ors in this circuit *M*iuak.W ; ^< I 
—that is the voltage'diitaerOss 
each resistance times the efirrent 
through it will give flielmiiMmum 
watt rating for each resiytet-'lfeere 
are several Condensers Actress the 


are several Condensers across the 


the output of the filter Is applied .^circuits in-Fig.' 1, and their 


to them. The resistance of coils 
,L 3 and L 4 is 18.5 ohms and the 
plate current through them is .0092 
ampere. Therefore, the voltage 
drop across each coil is 18.5 x. 0092 
or .17 volts—a value which can be 
neglected entirely. Thus tubes Vi 
and V 2 with their cathodes at 
ground potential will have a plate 
voltage of 250—3 or 247 volts. The 
3 volts in this case being allotted as 
a negative control grid voltage for 
the 6SK7 tubes will be explained 
later. Since plate voltage condi¬ 
tions are the same for tubes Vi 
and V 2 , this completes the explan¬ 
ation of all the plate circuits. 

The remaining part of the red 
circuit is the screen grids of the 
two 6SK7 tubes and the bleeder re¬ 
sistor R 3 . This circuit is control¬ 
led by resistor R 4 which reduces 
the plate voltage from approxi¬ 
mately 250 to 100 volts for the 
screen grids. The screen grids 
draw 2.6 ma. each and resistor R 3 
draws 15 ma. This gives a total 
of 20.2 ma. The voltage must be 

150 

reduced 150 volts so R 4 = AOAO 


function will be described further 
tfn in this lesson. * a * 


or 7,425 ohms. 


THE BLUE OR CATHODE 
CIRCUITS 

It was previously explained .that, 
"the* blue or cathode circuits were 
technically a part of £he red or 
plate circuits because-, the cathode 
terminals at tjjie tube sockets are 
usually at a positive potential with 
reference to ground or the chassis 
of the receiver. This would be the 
case if a bias resistor were copneet® 
ed in series with each cathode as is 
often done. However, there are 
two ways tn, which bias voltage for 
control grids- is - usually obtained in 
A.C. operated receivers. Where 

the resistor is in series with the 
cathode of a given tube, it is called ” 
a self bias systeip. Where 

most or all of the eathodes irCa giv- 4 
en receiver are directly grounded, 
as in the case of Fig. t, resistors 
are connected in series with the B 
negative lead to provide bias volt¬ 
age. In this case the cathode cur.- • 
rent of all tubes in the receiver are 
caused to flow through the resistors 
and this system is called a fixed 
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. {.ms. - £»aq^ ^^% ' ^je^iia}'.|6rV' a certain Critage drop atfoss!BM> 
^Qiss B or “R u and^ i2 . If a voltmeter 13*ic<*»i- 

‘ Clasff*JS^^plIfer'^mfa^ns* ..Pecked from ground (positive ter* 

^ iitJ’ig: L, ^ube V 3 > the WgtgctoF, mjpal). toChe junctioh.of R 10 and 

‘ 'Obtaiag^ts biHsi'oltage^^vj it wilLread the voltage drop 
Wrop. across I;and thi^SLan ok- ^across Rno.- If the positive term- 
etnple .of the: ?^if bias system- inai of the meter is left connected 
Tubes V], and V ( ., em- to ground and the negative term- 

■Jploy t*!;.:- fixed bias system and ob- inal is moved fr.om the junction of 
% tai^tfcew bias. Cottages from across R 10 and R u to the left end of 
V R,u^.Rio, as Wa be ex- R n , the meter will read the 
pk:«ed. It has already been ex- voltage drop across R 10 plus that 
plained that the valdfrof fe 5 is 85,- of R u . Likewise, if the negative 


000 ohms and that a 17 volt drop terminal of the meter is moved to 
occurs Woyoss it as «e result of the the left end of R 12 it will read the 
- ma. plate current through the ^voltage drop across Rio plus that 
tube. Just how this voltage is ap- of R n plus that of R I2 . From 


plied .to the control grid of the de¬ 
tector tuBh%ill be explained when 
the ‘yellow circuit is described. 

The fixed bias- system is illus¬ 
trated by R, 0 , Rn and R 12 in Fig. 


this it should be clear that the 
voltage drop across these and other 
similarly connected resistors is ad¬ 
ditive. 

The requirements of the tubes 


T. As in any full wave* rectifier are such that the 6SK7 tubes re- 
circjiit, current must flow over the quire a control grid voltage of 3 
path of the eentertap of the high volts, the 6C5 audio tube (V 4 ) 8 
voltage secondary. In flowing over volts, and the 6F6 tubes 16.5 volts, 
this path, it must flow through re- Since the lowest value of grid volt- 
sistors Rio, Ru and Ri 2 . There- age must appear nearest the 
tore, if the values of these resist- grounded end of the series string 


are proportioned pro 


of resistors, it is clear that R t 


rect voltage drops will .occur across must provide 3 volts, Rn plus 
them for the control grids of the R 10 , 8 volts and R 12 plus R 10 and 
tubes. The** grid returns of the R n , 16.5 volts. It has already been 
various tubes must, of course, be shown that the total current for 


connected to the proper points in 
the circuit for this to occur. 

In a fixed bias circuit of this 
type, the resistor values must be 
so Apportioned that the lower bias 
voltage values will .occur nearest 
the grounded "SHd (if the string of 


this receiver is 127.4 milliamperes 
or .1274 ampere. Therefore if 
Rio is to provide 3 volts, its value 

3 

is found from or 23 ohms. 

.1274 

Ru is to provide 8 volts, but 3 


or 23 ohms. 


resistors because the voltage drops ™ lts f *] rea * y Provided by R 10 . 


across all the resistors are addi¬ 
ctive. Thus, you will note three re¬ 
resistors are in series between 
ground and the eentertap to the 
- » high voltage winding. There will be 


So actually R u must provide 5 
volts because 8—3=5. Therefore, 


5 

the value of R n is equal to J 274 
or 39 ohms. Resistor R J2 is to 


ine average rail jo set erajjioys ' erw wire wvuuu cu 
shown. At the left is a typical IF transformer used in 
typical RF antenna coil such as L. and L^ of J TiV.'^» 

such as L 7 in Fig. I, The coil to the right is another 
mounted -within a metal container before feeing used. ( 

provide 16.5 volts but Rio and in; 
R n provide 8 volts. Therefore, is 
R 12 need provide only JUL5-8 -or ag 
8.5 volts. Thus, R l2 is equal to" ah 
q c m< 

Y2Y4 or 66 ohms - Thus ’ the otl 

value of all three resistors is R 10 , 

23 ohms; Rn, 39 ohms; and 

Ria, 66 ohms. Each of these must -£ r 

be capable of carrying the required SI< ; 

current and must have the proper P 1 

power rating. The power formula 1S 

is ExI=R so the power rating for co 

Rio is 3X.1274 or .3822 watts, for ° r 

R n 5x.1274 or .637 watts and for “ 

R 12 8.5X.1274 or 1.0829 watts. All 

of these are odd power values and 

standard practice would employ 11 

2 watt resistors for each of them. p, r 

th 

THE YELLOW CIRCUIT ni( 

This circuit is extremely inter- in; 
esting. You should remember, od 
however, this description treats it tr< 
from a D.C. viewpoint with respect in 
to how the various grids are op¬ 
erated. Later the A.C. or signal 
operation will be described. One 
cardinal point to remember when 
tracing the circuits of any radio 
tube is that the D.C. grid voltage 
for the tube is always equal to 
whatever voltage exists between 
the control grid and cathode of the 
tube. Likewise, that voltage exist- 
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age jjjjiiniqiHecl^T The left aid of R )C 
*ve~ add: the right .aid is 


: • ve This makes ¥ the-cathode 
fti positive and the contttrf grid neg- 
■ alive becausfe the t^o tube elements 
connect to* thes* polarities gs es¬ 
tablished by4he Iresistor Ri 0 . Thus, 

t it may be said*the control grid Is 3 
volts nega tiv e and the cathode -is 
3 volts positive but with respect 
£ to each other only. 

The ngxt'tube in the line up is 
the.detector 6C5 and note it emA 
plbys its own bias resistor in sdtieS 
with its, cathode. A simplified cir¬ 
cuit of it isHhown in Fig. 3. Note 
in this case the cathode is still pos¬ 
itive which makes the control grid 
negative just as in Fig. 2*., Note, 
also, the ground con necti on has 
moved from the positive, aslfrFig. 

2, to the negative, as in Fig. 3. i 
is necessary because the V 3 tu‘ 

1 employs its own-cathode resistor, 
and if the cqthodeTJfthis tube is to 
remain positive in relation to the 
control grid (the return of which 
♦ is grounded) the ground connec- 
.|jpk|pst be made in such a way 
& as to permit this pdlwity. If the 
cathode of the tubejg* were direct¬ 
ly grounded, asTis the case with 
» the other tubes, then a fixed bias 
system similar to Ri 0 , R u and 
i 2 wouM be required. 

From a study of Figs. 1, 2 and 
V it should be clear to you that 
the metal chassis of the receiver 
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is S ting as ^conducting path^for 
a portion of all the grid'circuits, in 
this'receiver. This, incidentally, 
is standard practice in.the radio 
industry. for-most receivers. This 
Is made possible by the fact that 
all circuits in a-receiver at a zero 
or common potential can be made 
one common circuit. Take note 
here that zero or ground potential 
means that this part of the cir¬ 
cuit does not have polarity except 
with reference to some other def¬ 
inite point in the receiver. Also, 
you should understand that no one 
part of the receiver circuit need he 
grounded. It can be grounded at 
anyintermediate point between ex¬ 
treme positive and extreme nega¬ 
tive. Once the ground point is 
established, however, proper polar¬ 
ity of all other parts in the receiv¬ 
er must be maintained especially 
if the receiver employs an actual 
ground connection as, for instance, 
to a cold water pipe. The reason 
for this is one side of the A.C. pow¬ 
er line is grounded, and thus if an 
improper point in the receiving 
circuit is grounded it will short 
circuit the power supply of the re¬ 
ceiver. For instance, if the cath¬ 
ode of the tube V 7 in Fig. 1 (or any 
other highy positive circuit) should 
become grounded to the chassis of 
the receiver, the entire power 
transformer and rectifier tube 
would be sure to cause trouble. 
Thus, in Fig. 1 all D.C. voltages are 
either positive or negative in re¬ 
lation to ground or the metal 
chassis of the receiver. 


Just how the chassis may be em¬ 
ployed to act as a conductor for a 
portion of the grid circuits may 
be seen by referring to the Yellow 
Circuit of Fig. 1. Note for tube 






Vi the D.€.-,control grTcTcirc^t^!,- 
gins atjthe tube socket and <- - 

tinues through the secondary of ' * 
coil L 2 , through R, and % 
ground. The cathode of the-jjibe 
is directly grounded at the tube 
socket. Thus, one end of “*R, 0 is 
grounded and so is the cathode «£&■ 
the tube—but note these ground 
connections occur at two differefft 6 ^' - 
points. Designers try to have : 
these connecting points to the 



chassis occur as close together as 
possible. Actually, they may Bh 
from 2 or 3 to 12 or more inches 
apart. Regardelss of how much 
distance is involved, the metal 
chassis of the receiver becomes 
the conducting medium to com¬ 
plete the circuit. In Fig. 1 the 
metal chassis completes the cir¬ 
cuit between the cathode of tube 
Vi and the grounded end of R 19 . 
For tube V 2 a similar condition ex¬ 
ists where the chassis completes 
the circuit between the cathode of 
this tube and the grounded end of 
R 10 . For tube V 3 note coil L« is 
grounded and so is one end of R r ,. 
Thus, the chassis completes the cir¬ 
cuit between these two points. For 
tube V 4 the circuit may be traced 
from the cathode of the tube via 
the chassis to R 40 , through Rio to 
Rn and from this point through 
R 9 and R 8 to the grid of the tube. 
The resistors in the grid returns 
such as R 9 , R 2 and R 4 do not in¬ 
volve the flow of D.C., and their 
purpose will be explained later. 
From the foregoing explanation 
you should understand that the 
metal chassis of the receiver can 
act as a common conductor for sev¬ 
eral circuits just as one conducting 
wire can be made a portion of sev- 


NEo consider the t- rr.vlete grid 
circuit of tube V 4 in Fig. 

Fig. 4 where it- is shown in a sitStf# 
nMPffihhner. A s m the 
*tTl6li.meiTO^M>t 

do with 4h» D.C. v distributfopa|fe 
lidt^bwn for simplicity. Thus, in 
Fig.|j|:^8H»'*![r'a*<$mplete dte&L 
from the grid of the tube through? 
R 8 , R 9 , «•!¥* and R» to groifcji, 
With 3 volts across Rn, and 5 vplts 
across'ftii, a total of 8 volts is ap¬ 
plied between grid and cathode of 
the tube. As already explained, 
the chassis competes the circuit 
from Rio to the cathode of tl UBiubOg 
Fig m^fW ftows hp^r Ute control 
grid circuit IA competed for the 
two push-pull\§F6 tubes. Npte the 
cathodes are joined together arid 
grounded. The grids of the tubes 
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gteo join Cfgetber cotroeet to 
4he -R»>>> ' These 

tubes acquire 16.S volts Jbr 

fcv&lt draap a ciroi>s. Sio. ^,vdts across 

4-:.u 

ua-totsFpf ItJAvoftg, The ground 
•.uuecrion in Mg, 5 merely sym- 
houz5 that the positive end of R, 0 
«B^fcthe cathodes of the tubes are 
at ground po^firad. Actually, ©f 
cotffcse,the cathodes are^grounded 
at one point and the positive «ad 
of Rn, at another point with tfif 
chassis acting^ as tire medium to 
complete the circuit. ^ __ 

By now you have, no doubt, come 
to the conclusion that resistors R 10 , 
and R u are nothing more than 
a^series voltage divider. Howbver, 
you may not clearly understand 


to circuit ellf distortion would, creep 
j©f Rrs^ T^ese hi. The exceptions to^this«*re 
> volts Ibrlweit class B and C anfplifiere, and, in 
g ^gf4fhis ease, special circuits and tubes 

lo^bCvQits across tai|e care of the difficulties as ex- 
r ,-mvpm ^ Rlf*fof**T)lainedln youtube lessons. Also, 
£§» The ground befeausa j>f the fact that no D.C. 
- 5 merely sym- flow in the grid circuit no voltage 
isitive end of Rj« drop occurs across such resistors 
of the tubes are asft 8 , R», R, and R t . These are 
ri. Actually, ©f filter and de-coupling resistors, and 
» are grounded their exact function will be better 
the positive «nd appreciated by you when you come 
point with ifie to the study of AVC or automatic 
the medium to volume control. 


THE BLACK CIRCUIT 


to the conclusion that resistors R 10 , ~ The black circuit of Fig. 1 rep- 
Rji and R JS are nothing more than resents the metal chassis and all 
miseries voltage divide*. JHowhver, parts which are at a zero or neut- 
you may not clearly understand ral potential. It is common prac- 
qjiow the additive voltages j^ero sa lice in the radio industry to refer 
tlyese resistors can be made to act to voltages as being below or above 
^ on several tubes at different values, ground or zero potential. Thus, 
This is explained by the fact that the screen grid and plate voltages 


the various grids do not draw cur¬ 
rent from the D.C. divider. It is 
th ^^cdtage pressure only that is 
utilized.1 This is comparable to 
ee cu»ip(fhg8^!>eing placed end 
td end and then being compressed 
at th«i* extreme ends. , While in 
t$is condition they will maintain 
a^sfep^®ressure as long as they 
are not required to do work or ex¬ 
pend energy. It is the same way 
with the three resistors Ri 0 , Rn and 
frilfartifij ~M o DCf e nergy is expended 
in tqe'%l# : '^cfflts proper. The 
gfid circuits, therefore, do not con¬ 
sume D.C. power and require volt¬ 
age pressufe Shly to maintain them 
* in operating condition. This goes 
back, you will recall, to your 
fundamental tube studies where it 
was explained that no D.C. current 
flow could be tolerated in the grid 


ground or zero potential. Thus, 
the screen grid and plate voltages 
in Fig. 1 are above (or more pos¬ 
itive) ground potential while the 
grid voltages are below (more neg¬ 
ative) ground potential. You 
should keep this in mind when 
studying the black circuit of Fig. 
1. The antenna coil Lj is black be¬ 
cause no D.C. voltage is applied 
to it. That end of the coil connect¬ 
ing to the antenna is called the high 
potential end of the coil while the 
end connecting to ground is called 
the low potential end. This is in 
reference to the A.C. signal and 
does not refer to the D.C. volt¬ 
ages. The A.C. signal voltage dis¬ 
tributes itself across this coil from 
top to bottom and is induced into 
L 2 which will be explained later. 

You will note one side of each 
of the by-pass or filter condensers 
is black. This signifies that all 







&tn$. 

and 

coil, ~c or e£- 4rw^^S^^ ^£^D.C^I i 
appljerf-tfi^th^i. 

tual cw^taet^wim. hassis 

df the r^jei\*er^o tjra^fe^t^aiiS’ 
sent -charges *kmtl up”oirl^ii can 








A matched antenna kit is highly desirable £#r best 
conditions of sensitivity and selectivity. The above 
view shows such a kit as made by Taco. It in¬ 
cludes matching transformers, overhead 
twisted lead-in, insulators, etc. 


A.C. pulses, variations or signals 
which pass through these condens¬ 
ers go to ground or to a point of 
neutral potential where they can¬ 
not interfere with the operation q£ 
the rest of the circuit. Also, you 
should understand that the pass¬ 
age of these A.C. pulses is permit¬ 
ted through the condensers only be¬ 
cause the various condensers offer 
a path of less reactance in ohms 
than other parts of the circuit with 
respect to the D.C. resistance in 
ohms. Current is always seeking 
the path of least resistance. When 
in the form of A.C. it will always 
flow through a condenser in pref¬ 
erence to a D.C. wire or resistance 
circuit if the reactance of the con¬ 
denser in ohms is less than the D.C. 
circuit resistance in ohms (through 
which it might flow if the condens¬ 
er were not present). Thus, where 
one side of a condenser in Fig. 1 is 
black, remember it indicates the 
condenser is used to by-pass A.C. 
out and away from a D.C. circuit. 
The action of the condensers of 
Fig. 1 will be described more in 
detail later on. The secondary 
circuit of T 2 and the voice coil of 
the speaker are indicated in black 
because D.C. is not applied to them. 


tual 
the 
sent 

he immedia 
ground. 

Other black d 
1 indicate tub 
^grounded fvtee shield orym 
\felope. The black numb 
Tetters in Fig.' 1. have ijfcJaspwu^l 
electrical significance otlyer' than tg 
indicate values and certaTTh parts. 

FILTER CONDENSERS AND 
RESISTORS * T 


The various filter 
by-pass condensers of Fig! 
been mentioned before. 

Sfon ,oT them has been 
now to avoid the study of too- 
subjects at one time. A descrif**^ 
tion of these circuit elements^ is 
now in order. *The first of these 
units toube studied is Ri and C** 

If the^rid bias is secured by 
bringing the grid return to r the 


Hi^h frequency reception such as FM and televis¬ 
ion requires a dipole type of antenna in two sec¬ 
tions. In addition, matched coupling transform¬ 
ers and a matched transmission line or lead-in is 
required. The above view shows such an antenna 
as made by Taco. 
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' : :t® 3 yyje^ariations ir veiopea across n 10 ana-fnereioi» 

^ paused by the sigiaiilf may c^tffte a across C*. The cut-off value of 
corresponding^c^friatjpii in grid ^ er condenser can be assum- 
volbige. -Thiajy^tion |fill be out to be 50 cycl^;(for 60 cycle op- 
of phase with the thus fend- ^ration) .^The time constant for an 

fe ing to neTfEl mitom ■’Hie signal. This ^ filter is T=RC. T=time in 
1 acttoiriS called degeneration and seconds, R=resistance in ohms and 
mjsf^e'aYOidecfe* Jf ther£i& a.rip- C=the capacity in farads. Ri^ 
pleii^the plate supply voltaglrthis 100,000 ohms and C 4 =.0000002 far- 
ripple will be impressed < 5 n*the grid ad (-02 mfd.). Therefore T = 
because of the biasing resistance. - 0000002 x 100,000 or .02 seconds. 
• In order to avo^UhSs^tindesirable 7 This result is satisfactory from the 
conditions; 3 , cofldenser is placed ri PP le frequency standpoint. The 

t across the v biasifig resistance to ot ^ eY Proof necessary is to deter- 
ground. Experimental work by niine if the condenser C 4 offers a 
engines has developed a rule of P a * h from grid to cathode, of less 
thumb which has been found prac- ^impedance than the resistors R 4 
tical in choosing the correct vSlue and Rio> to the loivest frequency to 
of such a^sondenser. Its size should which L 2 and Ci resonate. Here 
**«. about 1/10 the impedance of the the lowest frequency is used as the 
by-passedHtpart. In certain caseS capacitive reactance will decrease 
this value may reach unwieldy pro- as the frequency is increased. As 
portions, however, by placing a re- this frequency is assumed to be 540 
sistance in the grid return (R x ), KC > and, as the condenser is known 
the value of the by-pass condenser to be -02 mfd. its reactance may be 

y ithfa a M * aalml ; le calculated as follows: X*. ‘ 


6.28x540xl0 s x2x 10 


6.28x540x2xl0- s 


6782.4 
=.147 ohms 

As C 4 is in parallel with R 4 and 
R,„ which total 100,023 ohms, you 
may readily see that both condi¬ 
tions will be fulfilled with a capa¬ 
city of .02 mfd. for C 4 and a value 
of 100,000 ohms for R 4 . 






In this case (Fig. 1) R, and R 2 
are also termed de-coupling relsist- 
. ors. This means that the two grids 
are isolated ^^insofar as one disturb¬ 
ing the otheH& cohcerned: In cases 
where these de-eofipling resistors 
are not used, mdtorbocsting or un¬ 
desirable oscillation can take place 
due to the interaction between the 
two RF stages. Resistor R 2 and 
condenser C 5 function in the same 
manner as just described. 

The by-pass condenser C 6 serves 
two purposes. The first is to pro¬ 
vide a short path to ground for any 
stray RF on the screens of the first 
two tubes. The second is to aid in 
removing any small percentage of 
ripple which could be present in 
the supply. Working, as it is, in 
combination with resistors R 4 and 
R 3 it serves to level the voltage at 
this point. The usual capacity of 
.5 to 1 mfd. is sufficient. 

At V 3 (Fig. 1) the yellow dotted 
line from the ground connection of 
L<sC 3 to the ground of C 7 R 5 indi¬ 
cates that there is a chassis connec¬ 
tion between the two. By-pass con¬ 
denser C 7 across R 5 is of .05 mfd. 
capacity. Due to the extreme sensi¬ 
tivity of the detector, this size has 
been chosen. As far as RF is con¬ 
cerned, this condenser is in series 
with the tube capacity. As its capa¬ 
city is several million times greater 
than the grid to cathode capacity, 
the largest RF voltage drop will be 
across the tube and a low resist¬ 
ance path will exist for the RF 
grid return. R 5 will produce the 
bias for this tube as has been men¬ 
tioned. 

The RF choke (RFC-L 7 ) and 
condenser C 9 serve as the plate 
filter for the detector as you have 


studied -in 
' ^e- <^jok 
high reaetas-i 



detection, 
to offer a 


and, in e»n- 
junotion .\£ih the- teilWiSser .C», 
forcdS^any IfF remaining in the 
output* of £Ve detector to ground. 
The valu^fo^- C& rirosf ttoVbe^toe 
large as it wiR- ^ t ^- fr ^p^off filter 
for AF'in conjunction wr% R 6 'and 
C 8 if improperly chosen. Inpther 
words, if their capaciVisTiigii they 
will by-p$gs the high jftudiV^re- 
auencies just as a tone contfcgl 
"would do.. These will b^djscussed 
later in this lesson. 

Resistor R 7 >wid con«^ser C s 
function as a plate filter and de¬ 
couples the detector stage fenn the 
other stages in a manner similar 
to4hat described for Ri and C 5 and 
R# and Ci 2 . 

*- *4 

, Coupling- condenser C u must be 
of high quality with a very jfcjn- 
imum of leakage. Its value is d§r 
termined by the time constant in 
conjunction with R» and R#. This” 
will largely govern the frequency 
response fed to the tube V 4 . 
good low audio frequency response 
this time constant should be large. 

Volume control" is provided by 
the moving contact op. R 3 , which 
is a three terminal potnetipmeter. 
The grid of V 4 being connected to, 
the center or variable terminal of 
the control it will receive an A.C. 
signal which will depend on the po¬ 
sition of the moving element along 
R s , this latter being a voltage di¬ 
vider in this case. Its value or re¬ 
sistance is chosen in accordance 
with the tube manufacturer’s rec¬ 
ommendations. If too high a re¬ 
sistance is used in this input po¬ 
sition to a tube, the grid will be¬ 
come exceedingly sensitive and pick 
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up hum 

, *SM-' -ar 

ageTlectrolytfc-.ty*g. It 15 rated 
af 25 volts and'50 m£(l. Ondenggr 
C,« is of the sSeRe'vaiue^ Note that 
only Ri 2 separate+^fltese two-eorl- 
densasr ami it» value Ct»d ohms) 
is so-small that the two condens¬ 
es are virtuaH^^m parallel. Their 
purpose is to aid in smoothing any 
ripple present in the bias circuit 
of Ri«, Ru and ft- l2 . 

in arriving Jit,th"^eize of the fil- 
tei condensers ^U 5 and C 16 the re¬ 
sistance of the load must first be 
ascertained. Since the voltage and 


odtf value,' the 15 henry choke is 

used. - ‘ v '-' 


current at the output'of this first untuned filter, 
untuned filter is known the pro)> previous lesson. 

’imp: 

1._ fi _ t o ■ _r> _ hj ,,_ THTT. R Ti 1 TT! 


Being at the output of the filter” 
just described, C 16 . will act as a 
tank or voltage regulator and, 
therefore, -i^.- chosen as 8 mfd. 

Because the speaker field (Li«) 
handles less current and because its 
inductance (L) is approximately 
the same as L 1S , a third 8 mfd. con¬ 
denser is used as Ci 7 . The work¬ 
ing voltage rating of these three 
condensers is safely chosen at 450 
volts D.C. 

The combination of L 15 , L 1(i , 
C15, Ci« and Cn affords what is 
commonly known as a brute force 
untuned filter, as explained in a 


lem is simple. Since R= 


previous lesson is C = 


the load resistance L,. = 1074 

or 2221+ ohms. The forittula for 
determining the capacity value of 
condensers in a filter as given in a 

previous lesson is C = ^— 

*A».the cu!i*off frequency to be 
50 cycles the solution is as follows: 
r _ _318,300 p _ 318,300 ” 
50x2221’ + 111,050 

or 2.8 mfd. 

As this is an odd value and as a 
high capacity is desirable at the 
input for maintenance of high volt¬ 
age 8 mfd.^condenser is used 
for C 15 . 

The -formula for determining 

the value in henries of the choke 

. , .3183R . .. . 

is L— —= 7 =— . This then becomes 


lsLi= -FC~- 1 

T _ .3183x2221 
L 50 

or 14.13 henries. 


706.9443 
' 50 

As this is an 


THE R.F. TRANSFORMERS 

The R.F. transformers shown in 
Fig. 1 are somewhat different than 
those you have studied up to now. 
You will note at the top of each 
primary winding, an extra coil is 
shown with an open end. The pur¬ 
pose of this is to give a more even 
overall gain for the broadcast band 
from 540 to 1600 KC. This extra 
coil is referred to as a coupling 
loop or coupling link. It usually 
consists of heavy wire, about size 
14. One end of it is connected to 
the high potential end of the pri¬ 
mary winding, and the other end, 
consisting of one or two turns, is 
held in place, on the secondary 
winding by proper forming of the 
wire and the use of cement. You 
will remember it is a principle of 
tuned circuits that the gain varies 
for different frequencies where a 
wide band of frequencies is to be 
covered. Thus in the broadcast 
band, there is a natural tendency 
for the gain to increase as tuning 




advances towards the higher, fre- w tfOt so effee- 

quencies. Also, another fac^r tivg. a*£fche Jow^ 4 :i^quggeies for 
prevalent in the early dSy&pf radio lhe.reas«rr the*%Teq ne ncy i*; 
was to include just a few turns on ^ low^er,._ihnaniR5^ meapuii 
the primary with a large nam- 


iu*yciv iacamu» -IS 

a sma%|r'"'humbe}: jgL ..changes of 

magnetic ■slint&'pf -force taking 

, *k >-,% • - .-■* •■*-.. ‘ ■ 

place. , 

Thi s sys tem k- usajl^fcqday in 
many.~T^F circuits as well as in 
preselector stages of 


ber of turns oil the secpndary 
Due to the few turns in-the pri¬ 
mary, it would resonate at some 
frequency in the tuning range of 

the circuit of its own accord. *By - - - - . , - . ,„>v, 

this is meant the distributed ca^ dyne type receivers which yo^wiil 

pacity between the primary turns j study latel -^P; * 

was enough to tune the inductance and L-I. are exactly' 

of the winding to resonance at same. Li and L 2 compile the an— 
some frequency in the band. Later tenna coupling transformer. All 

practice, and that followed today, of the R.F. transform^s are % 
is to include a very large indpct- 


the 


ance in the primary winding of 
tuned circuits so as to form a max¬ 
imum load for the plate circuit of 
the tube. This, in turn, employs 
relatively little coupling to the sec¬ 
ondary circuit so as to get maxi¬ 
mum selectivity. The large in¬ 
ductance together with the distrib¬ 
uted capacity between the turns of 
wire tunes such a coil to a low fre¬ 
quency in the broadcast band some¬ 
what near 540 KC. Thus, reson¬ 
ance of the primary circuit is es¬ 
tablished at this low frequency. As 
a result, there is greater amplifi¬ 
cation at the lower frequencies as 
tuning approaches 540 KC because 
of the resonant condition of the 
primary. This, in effect, reverses 
the natural characteristics of the 
tuned circuit wherein more gain is 
provided at the low 7 frequencies 
than at the high frequencies. To 
off-set this lack of gain at the high¬ 
er frequencies, the coupling link, 
or open end winding, is used for 
the R.F. transformers as shown in 
Fig. 1. This coupling link pro¬ 
vides just enough extra coupling 
at the higher frequencies to give 



mounted in individual shiefcf cans. 
The shield cans are 1 %" »utside 
diameter and 214 " high anrJ^uade 
of pressed zinc. , 

The exact specifications fw L, 
arenas follows: it is wound in wnat- 
iST cklletf a universal fashion. T|ps 
means that as the form on which 
is wound is turned, the wire 1 
moved from side to side so ah ..to 
build up a pie shaped coil .093 
inches long and cqnsisting-of lfil 
turns of jmmber 36 single 
enameled (SSEj covered wire. The 
form upon which tbe coil is wound 
is an impregnated fibre tube 
in diameter and 2 1/16"; long. The 
form carries four solder lugs and 
Li is wound on, the lug end about 
14 " from the end. Coil Li is 1,000 
microhenries (5% tolerance). L 2 
is wound on this same form arid 
consists of 10 pie sections (similar 
to L,) which occupy a space of 
about iy 2 inches on the form. The 
first section of L 2 is spaced 3/32 of 
inch from Li. L^consists of 


m 


an 


147 turns of Litz wire. This wire 
is made of 7 strands of number 41 
SSE wires braided together. Litz 
wire is often used in R.F. coils due 
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p" to the maximiO^Svi*? surface 
t offers over an ^ a^ ale nt solii- wire 
—more abou T v l^tawTgg£ih a foh 
lowing lessor.' TRe inductance- of 
^ this secondary'is 273.8ffticro- 
j* henries with hfa'fojffaryce. This* 
small tolerance & necessary be-' 
hfc cause the that tl^g three 
condensers are on the saine 
xhaft-iln&afore requiring exact.and 
similar-characteristics for I*>. L. t 
and L g . The two <^oils (L, and La) 
possess a mutual inM&ctance of 120 , 
* rr.icroheftries ~”5r 10%*, 

The coil turns held in place 
with collodion, and after winding 


-tr~ v; j. «*-- ' v , . 

-thus addihg enough capacity nr** 
parallel to the tuning condenser 
make up for the difference between^ 
145 tum^ (L^Le) and *147 tui*ns 
(Lo).- The inductance of this sec¬ 
ondary is 266.§ niierohenries with 
1% folgranCe. 

The three tuning condensers 
C1C2G3 are each 365 mmfd. capa¬ 
city (maximum). Using the res¬ 
onant frequency formula given in 
a previous lesson, the lower fre¬ 
quency limit of the tuning coils 
and condensers may be calculated 
by substituting in the formula with 
the proper values. 


i' completed and all terminals 

soldered; tbe eoils are ffripregnat- THE DETECTOR PLATE 
ed in wax. _ FILTER 


The design of the R,F. frdTls- You will remember from your 
formers Comprising LaL 4 and L r ,L, ; studies of detection that in both 


are similar to the antenna coil, but 
the primaries are designed fof 
proper-loading of the plateaof the 
^ tubes at’the frequencies to be cov¬ 
ered. „Th@“primary (L 3 ) is wound 
a f A " wax impregnated dowel 
jd long. The coil consists of 

E 831 tuvaM^f #38 SSE wire wound 
universally Oft the dcxtoel ariftni ap¬ 
proximately i/4" long by deep. 

I he inductance of the primary is 
5000 microhenries 5%. The 
short dowel with %s = winding is 
mounted crosswise at the lug end 
of the %" fibre coil form. The 
"^^eenter of the dowel is spaced about 
H o liin inch from the end of the 
form.' The secondary (L,) is 
. wound in the same manner as de¬ 
scribed for Ef and consists of 10 
section and 145 turns ±1%. Note 
here that these two secondaries 
(L4L5) have 2 less turns than the 
secondary L 2 . This is because the 
compensating loop is wound close 
to the grid end of the secondary 


grid and plate circuit detection, 
an R.F. filter is required in the 
plate circuit. In Fig. 1 a filter of 
this type is included in the plate 
circuit of tube V 3 . It consists of the 
R.F. choke L 7 and the condenser 
C 9 . The purpose of the filter is to 
remove any R.F. which may remain 
in the plate circuit of tube V 3 after 
detection. The impedance of the 
choke to R.F. should be very high 
in relation to the impedance of con¬ 
denser C 9 . The purpose of the cir¬ 
cuit is to practically present a 
short circuit to the R.F. so it will 
enter C 9 , leaving the A.F. to go 
through the R.F.C. and so be fed 
to the A.F. amplifier. To accomp¬ 
lish this, the impedance of C 9 must 
be low to R.F. and high to A.F. 
For the same reason the imped¬ 
ance of L 7 must be low to A.F. and 
high to R.F. If these impedances 
are arranged properly, proper de¬ 
tector filter action will be obtained. 
To bring about all of this, the ratio 
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-of the impedance of E? to R» ^ the lo*v&£ fluency in the 

he very high with respect to R.F. broadcast band. it.-gU^of cpurse 

. ;> r . ' ZL be lotfermr ffli upper end of^ftfe 

This ratio may be stated'as^ ^ bajid'at I hop RC. £M tfe R.F. 

where ZL equate the impedanee of ha#'e'fe^feme ; . dttiaeulty enter- 


L 7 and XC equals the reactance of 

C 9 . 

The lowest R.F. frequency to, be 
handled by the circuit is approx^ 
imately 540 KC—the lower linHt4kf 
the broadcast band. A standard 
value for the R.F. choke coil is 20 
millihenries and 80 ohms of D.C. 
You will remember impedance, ©r 
Z, is equal to: 

Z=V R 2 +X 2 ■ '' i 

Before the value of Z can be 
found XL (X) in the preceding 
formula must be found. You will 
remember that inductive reactance 
is equal to: XL=6.28xFxL. 

The frequency is equal to 540,000 
or 54xl0 4 cycles. The inductance 
is equal to .02 or 2xl0- 2 henries. 
Thus the problem becomes: 
XL=6.28x54xl0 4 x2xl0- 2 
=6.28x54x2xl0 2 
=6.28x108x100 
= 628x108 
=67,824 ohms. 

The D.C. resistance of the choke 
is only 80 ohms. To get the im¬ 
pedance value, the usual formula 
should be used as follows: 


ihg the e^o&E it In*# be shunted 
away from it by* use of condenser 
Co if it, in turn/has a low imped¬ 
ance* at the frequencies involve^ 
It is standard practife^to Ktea as*a 
detector plate circuit bypass* con¬ 
denser a value between .001 -and 
006 mfd. 'This has beqp proven' 
true by experience and calculation 
will bear this out. A vadufr of .003 
mf<|, would be average ;thi% 
of circuit. Its reactance will 


be equal to: XC= 

fhe frequency is 540, Q^jj^mor 
54X10 4 cycles. The condenseKHn 
farads .will be equal to .000,000.003 
or 3 '10- 9 . Thus, th£ problem 
comes; 


0.003 

■\ 


xc= 


6.28 x 54 xlO'xSxItT* 
1 " 


' 6.28x54 x3xlb- ! 


Z—y/ 80 2 -f 67,824 2 
The reactance value of 67,824 
ohms is so much greater than 80 
ohms it can be seen from inspec¬ 
tion that the total impedance value 
is going to be practically the same 
as the reactance value. Actually* 
with R included the impedance 
equals 67,824.04 ohms which is just 
.04 ohm difference from the react¬ 
ance. Thus it is seen that the im¬ 
pedance of the choke is very high 


~ 1017 xlO -5 
_100,000 
1017 ~ 

= 98.3 ohms. 

The ratio of ZL to XC may now 

be obtained. It is equal to - g g—- 

=689.95 or about 700 to 1. Thus, 
it is seen that all the R.F. which 
gets into the detector plate circuit 
is going to seek the path offered 
by Co rather than attempt to go 
through L 7 . * 

From an A.F. viewpoint, L 7 
should have minimum impedance 
and C 9 should have maximum im- 
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pedance. In o^w^' ^,th'e TIjfi«.AtH)lp*TEANSFt®MER&v 

signal will SfejM< the - pa thSof t 7 The primary of is 
rath-, than* whimd» whrtf-3*^ 1500 ohms b e. with an A.C. rah- 
wanted! Many A.EL caKiflattens pe dan€e of approximately 10,000 


-are based on a. standard frequency 
of 400 cycles.. Thtg. value will be 
used to show how fcf^nd C 9 react 
to audio- frc^mgjcies—the same 
4irincfples will, of course, apply for 
any frequency from a few 

cycles on-tip to the upper limit of 
the band. ’ < 

For C 9 at 400 cycles, XC witt 
equal: ’'/* 

VP = * >_I_ L 

6.28x4 xl0 2 x3xl(H* 

' f 1 ^ 

; 6.28xl2xl0- 7 

. T 0,000,000 * 

' * 75.36 

^ = 132,696.3 ohms. ^ 
For *L 7 at" 400 cycles, XL will 
equal: 

XL-5S&28 x 4 x 10 2 x 2 x 10- 2 
=6.28X8 
2 s =50.24 ohms. 

Sineo^-t^e reactance of 50.24 
ohms is more nearly like the D.C. 
resistance^ of 80 ohms for Lj, in 
this case, it is necessary to com¬ 
bine X£ and R to get Z which will 
be: 

" X=v / 50 2 +80 2 
=V 2500+6400 
=V 8900 

^=94+ ohms. 

Thus, for A.Jf., the ratio of XC 

, _ T \ 132,696 TJ . 

to ZL is • — —1411. It is 

94 

clear from this that A.F. will seek 
the path through L 7 rather than 
that offered by C 9 . 


—1411. 


ohms. The ^secondary is center 
tapped so .as to; properly feed the 
A.F. signal to the two 6F6 tubes. 
The ratio of the primary turns to 
the secondary turns is chosen so 
as to provide a signal voltage of 
not over 16.5 volts per tube. 

The output transformer T 2 is 
chosen to provide the correct load 
for the 6F6 tubes. The total pri¬ 
mary A.C. impedance from plate 
to plate is 10,000 ohms. The sec¬ 
ondary of T 2 furnishes the current 
to operate the voice coil and, as the 
A.C. impedance of the voice coil is 
6 ohms, the secondary is wound to 
match this value. The turns ratio 
of the output transformer is equal 
to the square root of the imped¬ 
ance ratio. The plate to plate im¬ 
pedance of the two 6F6 tubes is 
10,000 ohms, making 5,000 ohms 
each side of the centertap. The 
secondary impedance is 6 ohms so 

the impedance ratio is — 

=833. The turns ratio is therefore 

equal to V833 =28.86. Thus for 
every turn on the secondary there 
is 28.86 turns on the primary. 

TRACING THE SIGNAL 

Starting at the antenna, the sig¬ 
nal voltage flows through the coil 
L, to ground. L, consists of 161 
turns and L 2 , 147 turns; thus, a 
slight stepdown in voltage is evi¬ 
dent in transferring the energy 
from L, to L 2 , this being done to 
aid in the selectivity. Notice that 
Ci tunes L 2 (forming a series res¬ 
onant circuit), and the voltage 





across Gt is fed to the grid and is^ ^Sll- It is tuned 

cathode of Vf. -The signal is amp- by. C s ..a This tun^tLcircmt again 
lifted by the action-of Vi and this aid^tn the s^ktiotfHvf th*desired 
increased voltage is ^placed acrosssig^aLaifd 4he rejection of other 
L3. * • signals^* Thefi-F. present at C». is 

The signal path to the tube Vj fed to ttoe^gn&rand fajthode of Vg. 
for the R.F. developed across Ci is The grid to cathode circuit is 
directly to the grid from one side through condenser C : . TlggJLube 
of Ci, and through C 4 to the cath- (Vg) is the detector gild here thg, V 
ode of Vi from the other side of Ci. R.F. is rectified and Altered. The 
As mentioned before, decoupling received mid amplified R.'F. carrier 
resistor Ri prevents the R.F. from is here stripped of its. A.F. ^in- 
traveling into the bias supply sys- ponent. Ahf R.F. remaining in~ 
tem. The tuned circuit consisting the piate circuit oi V3 is Jay-passed 
of L..A here provides the first se- to ground by C 9 . The R.F. cho^e 
lection of the desired signal. L 7 prevents the fe~w of R*^> into % 

The R.F. circuit of the plate of. the audio coupling .system-. The 
Vi is completed through by-pass audio frequency vanations^in the 
condenser Cioj thus the A.C. sig- plate circuit of Vg. are appltBQ to 
nal path exists from the plate of R« which is the load resistor for 
V, through L 3 to by-pass condens- the detector. The A.C. signa*jj$th 
er C10 and thence to ground or to to the cathode for the A.F. is pro- 
the cathode of the tube. The by- vided by condenser C 8 . _ The audio 
pass condenser C10 is .5 mfd. and frequency variations thus produCS^ 
provides a path of less reactance acrogs R« are transferred to Rg 
to the cathode for the R.F. than through C„. Condenser Ci 2 coin- 
through the power supply and back pletes the signal circuit to the cath- ^ 
to the cathode. The winding of L 3 ode of the tube. As Rs is a volume w * 
is 5,000 microhenries and provides control and has a variable contact 
a suitable load for the plate of V 7 . the desffed volume level of the sig- 
The R.F. voltage in L 3 induces a nal is regulated by the position 01 
voltage in L* which is tuned by C 2 . the movable contact. This is pos- 
Notice that the signal is again sible because the grid^pf V t (the 
tuned here thus adding to the se- first audio stage) is fed from the 
lectivity. volume control movable contact. 

This second tuned circuit con- The signal now in the form of an 
sists of L 4 C 2 . The R.F. voltage audio frequency is amplified by V 4 
across C 2 is fed to the cathode of and this amplified A.F. is supplied 
V 2 through C 5 . The signal voltage to Lg of Tj. The A?F. is next trans- 
is thus supplied to the cathode and ferred to the secondaries L, and 
grid of V 2 . The signal is again L10 through the core ofTj. 
amplified by V 2 and this increased The audio frequency transform- 
R.F. voltage is thus fed to the plate er (Ti) is a push-pull input trans¬ 
coil L 5 . The A.C. signal path to former and the voltage of its see¬ 
the cathode is through by-pass ondary supplies the signal to V f , 
condenser Cjo. The amplified R.F. and Vg. These two tubes comprise 
in L 5 induces a voltage in L« which the power output push-pull stage. 
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grids of V 5 ami *fx is -further am¬ 
plified by their ’ ag&Ste iftld is^&u*- 
plied to the - Outp 3 ^traiTsfAmer 
primaries L u a^d Li 2 .> The signal 
voltage of thlse i^rnharjes is step¬ 
ped down by T. to the^proper value 
necessary to <*^rate the voice coil 
5>f the speaker. 

Nofarthatlh^ighout the^receiv- 
er circuiFuse is made of the metal 
chassis as a pail^for the Signal as 
well as for a ground connection 
of zero potential: 

THE BROWN CIRCUIT 

The brown circuit _of Fig. 1 
shows the d&tributiorfnrf the sig¬ 
nal voltages as they pass through 
the receiver. No attempt is made 
to indicate the amount of amplifi¬ 
cation. The brown dash lines sim¬ 
ply indicate fhe path of the signal 
voltages. Long dash lines are used 
in the RF part of the circuit to in¬ 
dicate high frequency while short¬ 
er dash lines from the detector to 
the speaker indicate AF energy. 

Beginning at the^aat^Ofla, high 
frequency energy is collecfeJHby it 
and, consequently, enters the coil 
LI. The same voltage is induced 
into L2 by inutuafinduction. It is 
then impressed across the grid and 
cathode of tube VI. Note there is 
a short wire connection from the 
top end of L2 to the grid of VI. 
Note the cathode, the rotor of Cl 
and one side of C4 all connect to 
grdund or chassis. Therefore, 
from an jt^^fewpomt, they are 
all at the same potential because 
'they all form a common circuit. 
The metallic or conductor circuit 
from the lower terminal of coil L2 
is through resistors R1 and RIO to 
ground. Remember the RF energy 


yfat bme* will be seeking the path of#east re*- 
;fcer am- sistance to ground, vThe paQu^- 
l is^su*- fered by Rl+BlO will .equal 100X 
fsfpraer *023 olims while that Offered by C4 
le signal is .147 ohms at 540 KC. Thus, the 
is step - RF energy will go through C4 in 
>er value preference To the path offered by 
oice coil R1 and RIO to ground. The brown 
dash lines around C4 indicate that 
e^Teceiv- the path of the signal is through 
he metal this unit. It is in this way that 
lignal as the AC signal is applied across 
nnection & r id and cathode of the tube. 


Referring to condenser Cl, do 
not infer from its length that there 
is an unduly long lead from the 
grid of the tube to the stator of the 
tuning condenser. Actually, this 
lead may be very short. However, 
it is shown long in the drawing to 
indicate the condenser is connected 
across coil L2 and serves to tune 
it. The brown dash lines around 
the condenser indicates there is a 
strong electrostatic field around it 
and its wire lead due to the AC sig¬ 
nal. 

When the signal gets to the plate 
circuit of tube VI, the same gen¬ 
eral action takes place as described 
for coils for LI and L2. In the 
plate circuit the signal distributes 
itself across L3 and the open end^ 
coupling coil. The signal path to 
the cathode is through condenser 
CIO at ground potential and with 
the cathode at ground potential, 
the signal voltage is effectively 
placed across plate and cathode of 
the tube. Next the signal is in¬ 
duced into coil L4 where it is ap¬ 
plied across the grid and cathode 
of tube V2. Condenser C5 in this 
case provides the short signal path 
to the cathode of the tube. When 
the signal gets to the plate of tube 
V2, the same process is repeated 
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Clover again. The signal ©ecwrs 
across coil L5 with condenser Q10 
acting as th^ returrrpathjp the ca¬ 
thode. Note .condenser Cld iccorii- 
mon to the [date circuits of Both 
tubes VI and V2. ' ^ .* 

• «, - -9 

Next consider the screen grid 
circuits of tubes VI and V2. The 
screens are located directly in the 
signal path within the tabes' be¬ 
tween the plates and cathodes. 
They are also at a positive poten¬ 
tial with relation to the cathode 
and could, therefore, act as plate 
elements. The reason they do not 
act as plate elements is because of 
condenser C6. This condenser is. 
common to both the screen grid 
circuits. Thus, if any RF energy 
attempts to flow along either 
screen grid circuit, it will be imme¬ 
diately by-passed to ground by way 
of condenser C6. If this conden¬ 
ser were not included, the brown 
dash lines would appear along the 
screen circuit to indicate the pres¬ 
ence of RF energy. With this 
present there would be severe os¬ 
cillation of the RF stages. For this 
reason it is essential that all RF 
screen grid circuits be by-passed 
with a suitable condenser. 

When the signal reaches coil L6 
it is applied directly across the 
grid and cathode of the 6C5 tube. 
The dashed yellow line indicates 
the connection from coil L6 to the 
cathode of the tube is by way of 
the metal chassis and resistor R5 
and condenser C7—the latter will 
present the least opposition to the 
flow of RF. It is in the detector 
tul?e where separation of RF and 
AF takes place. As a consequence 
both RF and AF occur across R5 
and C7. Almost all of the RF and 
AF will go through C7. The react- 


fft OS^j^S^Trather high for 
AF of low frenuto gj es, but it^wili 
sfilMje. JeS§ lWtabms -than -he 1 

- the resfafanc^-jof R5- ^ Thus, the 
longer^owq^ ash Ijges to the left 
of C7 inchoate Rp, and the shorter 
d^hed lines^o t^e right of it indi¬ 
cate the presengg^o^^Jt tij^the 
plate circuit of tube the birowg; 
lines abound C9 indicate It i%g)as%- 
ing all of the RF through it^Jhe 
AF continues on through the 1fcFC 
#7) wherein a large signii;;* 
voltage is developed across R6. 
This AF signal voltage is tragg- 
ferred to the following grM aircuit\ 
By way of condenser Cll as indi-* 
catech* by the browrf short? dash 
lines around it. While condpiser 
Cllvwill transfer most of the sig^ 
nal volt&ge on to the next stafge; 
some of it will appear across ^6 
and . will be by-passed to ground 
through condenser C8. The r%- 


tively few brown dash lines indi¬ 
cate this distribution. Condenser 
C8, of course, provides the jffcort 
return path back to^the cathode of 
tube V3." V * 

Whenrifhe signal gets over 
the grid circuit of tube V4 it is ap¬ 
plied across the grid and cathode 
of the tube by way of Ji8, R9 and** 
C12. Condenser 012 completes the 
RF grid circuit to the cathode of 
tube V4 by way of the metal chas¬ 
sis of the receiver. Note the dis- * 
tribution of the brown dash lines 
in the grid circuit of tube V4. By > 
visualizing the me^al chassis con¬ 
nection between K of the tube and 
the black side of 012 yoti can see 
that a complete RF circuit exists 
between G and K of the tube. 

When the signal gets to the plate 
circuit of tube V4 note by the 
brown dash lines it is transferred 
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through Tl_ 
metal core t«i 
cot. There is no--] 
ser at the B+\end^:Tmi^ing--L8 
of Tl. The return AJ^inal path 
pack to the ctsthoftfe of j£Ube V4 is 
by way of conttenser *C17 and CIO 
as these two %^ensers ; effective¬ 
ly by-pass the plate circuit of tube 
V4. , ^ y ** 

When the signal gets to the sec¬ 
ondary circuit of Tl.dt is divided 
’'and made to aci^p the grids Of 
push-pull fuBes V5 ard V6.- The 
brown dash lines indicate that 
both .grids £fe being acted upon at 
the same time. However, you 
should updCtstand thfit they are 
of opposite polarity. If the grid 
of tube V5 is assumed to have a 
peak of positive polarity (positive 
half cycle) the grid of tube V6 will 
be driven to the same vbltage value 
as tube V5 but of opposite or nega¬ 
tive polarity. This, of course, is 
made possible by using a split or 
center Tapped secondary for Tl. 
This qualifiSSWon should be kept 
in mind when tracing the brown 
cirquit of tubes V5 aiW" Con¬ 
denser C1’4 provides the path for 
the AF signal track to the cathodes 
of the push-pull tubes. 

In the plate circuits of the two 
push-pull'tubes much the same ac¬ 
tion takes place as in the grid cir¬ 
cuit with the exception that the 
signal is considerably amplified. 
Ther%yyill be little or no AF sig¬ 
nal oh the screen grids of the 6F6 
tubes because condenser Cl6 holds 
the voltage practically constant on 
these "elements. That is the reason 


no »’own dash lines occur along 1 
side the screen grid circuits.. v of 
these two tubes.- Thus, practically 
all of the AF energy is applied 
across Lll and LI 2 of T2. Here 
again, .transformer action takes 
place through T2. The power in 
the primary winding is changed 
from high voltage and low current 
to low voltage and high current to 
operate the speaker. The brown 
dash lines at T2 indicate signal 
power is changed from primary 
to secondary—L13 is the second¬ 
ary winding and L14 the voice coil 
winding on the speaker cone. The 
secondary circuit of transformer 
T2 is grounded so it will not pick 
up stray magnetic and electrostatic 
fields. The brown dots just to the 
right of the speaker indicate air 
sound waves and is the last opera¬ 
tion of the radio set to reproduce 
a signal. 

Throughout the diagram of Fig. 
1 you will note several brown ar¬ 
rows. The significance of these is 
that they indicate AC (RF or Af) 
signal paths. They do not indicate 
the direction of current flow as it 
is always considered to be from 
negative to positive. For instance, 
the brown arrows at the tube sock¬ 
ets indicate a return signal path 
to the grounded cathodes. Like¬ 
wise, at the various by-pass con¬ 
densers, brown arrows indicate a 
signal path through them instead 
of along a wire circuit. Thus, by 
proper use of condensers, DC volt¬ 
ages may be blocked from one or 
more circuits, yet AC can effec¬ 
tively flow through condensers. 
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QUESTIONS 


How many watts of AC power are dissipated by the 6.3 volt 
Fig. 1. 


No. 2. What part of Fig. 1 is most positive and what part is most negative 


3. If the required grid voltage for the detector tube in Fig. 1 was 25 volts 
and the plate current was .1 milliampere, what would be the value of K5? 

, * ^ v - 

4. Of all the amplifying tube elements shown in Fig. 1, which of them have 
the highest applied value of DC voltage? 


A push-pull output transformer has an impedance ratio of 15,000 (entir^^m 
primary winding) to 15 ohms on the secondary side. What is t|ie turns 
ratio of the two windings? ^ 

When a tuned coil employs a decoupling resistor, what method is Employed 
to provide a short RF path to the cathode of the tube? ''***" * v 

If the speaker field winding (LI6) in Fig. 1 had a voltage drop of 50 volts 
across it and its resistance was 1000 ohms, what would be the value 
current through it? * « ’ ‘ ^ - 


No. 8. What is the difference between fixed and self-bias? 

No. 9. What completes the circuit between the grid return of tube V4 in Fig. 1 
and its cathode? 

* 

No. 10. What is the value of the DC current through resistor R<* in Fig. 1? 


»■***••■ 



